Introduction. Mastitis may result in physical, chemical and microbiological changes in milk and pathological lesions in the glandular tissue. Milk derived from cows with mastitis may become a cause of infections in humansw and animals. Objectives. The aim of this study was to assess the effectiveness of selected dipping agents in the inactivation of several bacteria that may cause mastitis in cattle. Materials and method. Three strains of each of the following species: Escherichia coli, Klebsiella pneumoniae, Serratia marcescens, Staphylococcus aureus and Listeria monocytogenes, isolated from milk, were used in the study. Identification of isolates was carried out using the automatic system VITEK2 Compact. Evaluation of the genetic similarity between the tested strains was made using the RAPD technique. Drug susceptibility of strains was evaluated with the disc diffusion method. Assessment of the effectiveness of iodine, stabilized iodine, povidone iodine and chlorhexidine was performed using fragments of skin from cow teats. Results. All the tested strains were genetically different. Most of them were susceptible to the studied antibiotics. Only two strains of L. monocytogenes were resistant to all the studied antibiotics. The percentage rate of reduction in the number of bacteria after using of dipping agents was very high (>90%). The most susceptible to the dipping preparations used were L. monocytogenes (99.6 -99.9%). Stabilized iodine was the most effective dipping agent for all tested bacteria, causing a reduction rate in the number of bacteria from 99.80% (E. coli) -99.99% (S. aureus, L. monocytogenes).
INTRODUCTION
Inflammation of the mammary gland (mastitis) may affect different animal species. Mastitis is currently one of the major problems of dairy industry [1] , usually caused by bacterial infection. In dairy cows this disease occurs in a clinical or subclinical form [2] . The consumption of unpasteurized milk or its products is especially dangerous and there is evidence that microorganisms derived from raw milk (especially Campylobacter jejuni and Staphylococcus auresus) may cause outbreaks among humans. An additional risk may be the possibility of spreading via milk drug-resistant strains from cows with mastitis. Microbiologically contaminated milk poses a threat not only to consumers but also to service workers and the other animals in herd [3, 4] . Pathogenic strains may get into milk directly, as a result of their presence in milk from an infected animal and indirectly from the environment. Transmission of microorganisms between animals from one herd occurs through milking machines, udder hygiene preparations and the staff dairy employed [5] .
S. aureus is the most common etiological agent of mastitis [1, 6, 7] . In Sweden, Germany and Poland, the frequency of S. aureus in cows with the clinical form of mastitis is 28.4%, 10.0% and 8.6%, respectively [8, 9, 10] . Escherichia coli is also responsible for many acute clinical cases of mastitis, referred to as 'colimastitis' [11] . n the Sweden and Germany, coli is the cause of 34.7%, 21.9% and 10.2% of clinical cases of mastitis in cows, respectively [8, 9, 12] . Ruminants are the natural reservoir of verotoxin-producing Escherichia coli (VTEC) responsible for, e.g. haemolytic-uraemic syndrome and haemorrhagic colitis [13] .
Klebsiella pneumoniae and Serratia marcescens are rarely isolated from cases of mastitis; however, infections caused by these bacteria are difficult to treat [14] . In Poland and in Japan, the incidence of S. marcescens in cows with mastitis is 3.1% and 4.7%, respectively [10, 15] .
Listeria monocytogenes cause listeriosis in humans and various animal species [16] . Udder infection with L. monocytogenes is most commonly reported in sheep and goats. L. monocytogenes bovine mastitis is less commonly reported while sub-clinical mastitis in cows can remain undetected [17, 18] .
The most commonly used dipping agents include preparations with iodine and its derivatives and with chlorhexidine [19] . Predipping and postdipping is aimed at destroying microorganisms which can be found on the skin of cows and in a drop of milk lying in the teat canal [2] . Iodine disinfects quickly and shows a wide spectrum of activity. Iodophors are iodine compounds with a water soluble polymer and slowly release iodine while at the same time decreasing its toxicity [20] . Chlorhexidine remains on the skin and shows antibacterial effect for a long time. Other active substances used in preparations are derivatives of dodecylsulfate acid, organic acids and quaternary ammonium bases [21] .
The risk of infection to humans and animals is greatly reduced by pasteurization of the milk, but is not designed to sterilize it. The microbiological quality of pasteurized milk is dependent on the natural microflora of raw milk, the processing conditions and post-heat treatment contamination [22] . Microbiological analysis of pasteurized milk indicated the presence of pathogens, such as Staphylococcus aureus, Salmonella sp. and Escherichia coli [23, 24] . Bacterial infection affects the milk quality, and with it the opportunity to produce high quality dairy products.
The presented study is the first to compare the effectiveness of dipping agents on udder skin contaminated by strains from different species.
OBJECTIVE
The aim of this study was to compare the effectiveness of some dipping agents in the inactivation of selected bacteria causing mastitis in cattle.
MATERIALS AND METHOD
Research material. Three strains of each species (E. coli, K. pneumoniae, S. marcescens, S. aureus and L. monocytogenes) isolated from milk samples from cows were used in the study, isolated form one dairy cattle herd in March 2014. Identification of isolates was carried out using the automatic system VITEK2 Compact (bioMérieux). Evaluation of the genetic similarity between the tested strains was performed using the RAPD technique (Tab. 1) [25, 26, 27] . To determine the degree of genetic similarity between the isolates, phylogenetic dendrograms were create in the CLIQS 1D Pro software (TotalLab). Clustering analysis was carried out by hierarchical grouping using the UPGMA technique with the Dice factor. Evaluation of effectiveness of dipping agents. The tested dipping agents were commercially available iodine, stabilized iodine (ethanolic solution of iodine stabilized in potassium iodide), povidone iodine (PVP) (10% polyvinylpyrrolidone) and chlorhexidine,. Preparations were applied in the working concentration specified by the producer. Fragments of teat skin (1x1 cm) were submerged in suspensions of all the examined strains (0.5 McFarland standards) (one in each strain) and left to dry. The skin fragments contaminated with each suspension were then submerged in all the examined dipping agents (one in each agent for 10 s, than placed on sterile plate and left for 20 m. This time simulated the remaining of a dipping agents on the udder skin. They were then shaken for 2 min at 400 rpm in the neutralizing medium (tween 80 -10.0 g; lecithin -1.0 g; histidine L -0.5 g; Na 2 S 2 O 3 -2.5 g; water -1000 ml) and subjected to sonication (20 min).
The negative control was a fragment of skin that had not been submerged in the bacterial suspension, and positive controls -fragments submerged in suspensions of appropriate studied strains, but not exposed to the action of dipping agents. After sonication, decimal dilutions were prepared and 0.1 ml of each one was inoculated on the appropriate culture medium. After incubation (37 °C; 24 h), grown bacterial colonies were counted (Fig. 1) . For each strain the experiment was conducted in three replications.
Statistical analysis.
The obtained results were presented per 1 cm 2 of teat skin area. The mean values and standard deviation for the particular strain and for a particular species were calculated. Statistical analysis was carried out and the significance of differences between the number of bacteria re-isolated from fragments of teat skin, depending on the species and applied dipping agents, was checked using the post-hoc Bonferroni test at the significance level α≤0.05. Also, the percentage reduction rate (R) in the number of bacteria compared to the positive control was determined, according to the equation:
where K(+) = the number of bacteria in the control sample for a particular microbial species, and A = the number of bacteria of a particular species reisolated after the use of a dipping agent.
RESULTS
Evaluation of genetic similarity. All the studied strains of each species considered in the experiment differed genetically (Fig. 2) . The most similar were L. monocytogenes: LMO 112 and LMO 327 strains (Dice's coefficient -0.07) and E. coli: ECO 63 and ECO 67 (Dice's coefficient -0.07). For the other strains, the value of Dice's coefficient ranged from 0.22 -0.60 (Fig. 2) .
Evaluation of drug susceptibility. Most isolated strains were susceptible to the studied antibiotics. All strains of Gram-negative bacilli and S. aureus were susceptible to aminoglycosides (gentamicin, tobramycin, amikacin, netilmicin) and tigecycline (Tab. 2 and 3). Two strains of L. monocytogenes were resistant to all the studied antibiotics, and one was susceptible to all antibiotics (Tab. 3).
Evaluation of resistance to dipping agents. The study indicated that the number of bacteria recovered from the surface of udder skin fragments not exposed to the action of dipping agents was 10 6 cfu×cm -2 for all the studied species of microorganisms vs. positive control (Tab. 4).
The obtained results showed a higher effectiveness of all tested dipping agents against the Gram-positive bacteria (Tab. 4 and 5). The mean number of Gram-negative bacteria ranged from 1.59×10 3 cfu×cm -2 (K. pneumoniae/stabilized iodine) -4.63×10 5 cfu×cm -2 (S. marcescens/chlorhexidine) (Tab. 5). For Gram-positive bacteria, the mean number of bacteria isolated from udder skin ranged from 2.27×10 Chlorhexidine was characterized by the lowest effectiveness of all the tested agents against Gram-negative bacteria. The number of Gram-negative bacteria re-isolated after the application of chlorhexidine ranged from [17, 28] .
In the presented study, most isolates were susceptible to the used antibiotics. Similarly, in Sweden, strains of S. aureus, E. coli and K. pneumoniae isolated from milk showed susceptibility to the used antibiotics (among others, to gentamicin, ciprofloxacin, trimethoprim-sulfamethoxazole) [8, 29] . In Japan, S. marcescens strains isolated from milk were most often resistant to cefuroxime (100%), ampicillin (98.2%) and trimethoprim-sulfamethoxazole (96.6%) [15] . Most (98.3%) strains of S. marcescens were susceptible to amikacin, and all to gentamicin and ciprofloxacin [15] . In the current study, two isolates of L. monocytogenes were resistant, and one susceptible to all the studied antibiotics. In Ireland, all L. monocytogenes strains isolated from fresh cow's milk were susceptible to antibiotics used in the study, including ampicillin, gentamicin and chloramphenicol [18] . In contrast, in Iran, most (98.2%) strains of Listeria spp. isolated from cow's milk and dairy products showed resistance to at least one antibiotic applied in the study [30] . In the study by [31] , 71.4% strains of L. monocytogenes isolated from milk were multidrug resistant.
Post-milking teat disinfection is regarded as one of the most effective methods for reducing the number of cases of mastitis in a herd [32] . The National Mastitis Council (NMC) has developed a list of studies evaluating the effectiveness of various agents for udder disinfection [33] in which preparations containing iodine and chlorhexidine are frequently described. In the presented study, chlorhexidine showed a higher effectiveness against Gram-positive bacteria. Boddie et al. [34] and Best et al. [35] also showed a high effectiveness of chlorhexidine against S. aureus and L. monocytogenes.
In the current study, iodine was the least effective dipping agent against Gram-positive bacteria. By contrast, stabilized iodine was the most effective dipping agent against all examined bacteria, because the reduction rate in the number of bacteria ranged from 99.80% (E. coli) -99.99% (S. aureus, L. monocytogenes). A high effectiveness of preparations based on iodine at different concentrations has been described by Pelletier et al. [36] . The present study showed that L. monocytogenes was the microorganism most susceptible to the applied dipping preparations: the reduction rate in the number of bacteria ranged from 99.6% (iodine) ). The use of effective dipping agents for maintaining hygiene of the environment and milking equipment and safe behaviour of the dair ystaff are important element of mastitis prevention in the breeding of cows. In Poland, sanitary conditions in milk production have improved in recent decades [32] , although there are few studies evaluating the quality of dipping agents and the effectiveness of udder disinfection treatments.
CONCLUSIONS
The presented study shows that the percentage rate reduction in the number of bacteria after the use of selected dipping agents was very high and remained at a level above 90 %. Some differences in tested dipping agents biocidal effectiveness indicated that selecting the proper agent is important for milk hygiene. The results obtained may contribute to a reduction in udder infections, especially mastitis, in cows and improve the quality of milk.
